In this paper, a steady axisymmetric MHD flow of two-dimensional incompressible fluids has been investigated. The reproducing kernel Hilbert space method (RKHSM) has been implemented to obtain a solution of the reduced fourth-order nonlinear boundary value problem. Numerical results have been compared with the results obtained by the Runge-Kutta method (RK-4) and optimal homotopy asymptotic method (OHAM). MSC: 46E22; 35A24
Introduction
Squeezing flows have many applications in food industry, principally in chemical engineering [-]. Some practical examples of squeezing flow include polymer processing, compression and injection molding. Grimm [] studied numerically the thin Newtonian liquids films being squeezed between two plates. Squeezing flow coupled with magnetic field is widely applied to bearing with liquid-metal lubrication [, -].
In this paper, we use RKHSM to study the squeezing MHD fluid flow between two infinite planar plates. This problem has been solved by RKHSM and for comparison it has been compared with the OHAM and numerically with the RK- by using Maple .
The RKHSM, which accurately computes the series solution, is of great interest to applied sciences. The method provides the solution in a rapidly convergent series with components that can be elegantly computed. The efficiency of the method was used by many authors to investigate several scientific applications. Geng and Cui [] and Zhou et al. [] applied the RKHSM to handle the second-order boundary value problems. Yao The paper is organized as follows. We give the problem formulation in Section . Section  introduces several reproducing kernel spaces. A bounded linear operator is presented in Section . In Section , we provide the main results, the exact and approximate solutions. An iterative method is developed for the kind of problems in the reproducing kernel space. We prove that the approximate solution converges to the exact solution uniformly. Some numerical experiments are illustrated in Section . There are some conclusions in the last section.
Problem formulation
Consider a squeezing flow of an incompressible Newtonian fluid in the presence of a magnetic field of a constant density ρ and viscosity μ squeezed between two large planar parallel plates separated by a small distance H and the plates approaching each other with a low constant velocity V , as illustrated in Figure 
where u is the velocity vector, ∇ denotes the material time derivative, T is the Cauchy stress tensor, J is the electric current density, B is the total magnetic field and
B  represents the imposed magnetic field and b denotes the induced magnetic field. In the absence of displacement currents, the modified Ohm law and Maxwell's equations (see [] and the references therein) are given by []
in which σ is the electrical conductivity, E is the electric field and μ m is the magnetic permeability.
The following assumptions are needed [] . 
where p is the pressure, and the equation of continuity is given by []  r
The boundary conditions require
Let us introduce the axisymmetric Stokes stream function as
The continuity equation is satisfied using Eq. 
Eliminating the pressure from Eqs. (.) and (.) by the integrability condition, we get the compatibility equation
where
The stream function can be expressed as
In view of Eq. (.), the compatibility equation (.) and the boundary conditions (.) take the form
Non-dimensional parameters are given as []
For simplicity omitting the * , the boundary value problem (.)-(.) becomes []
with the boundary conditions
where Re is the Reynolds number and m is the Hartmann number.
Reproducing kernel spaces
In this section, we define some useful reproducing kernel spaces.
Definition . (Reproducing kernel) Let E be a nonempty abstract set. A function K : E × E − → C is a reproducing kernel of the Hilbert space H if and only if
The last condition is called 'the reproducing property': the value of the function ϕ at the point t is reproduced by the inner product of ϕ with K(·, t).
The fifth derivative of u exists almost everywhere since u () is absolutely continuous. The inner product and the norm in W
and
The space W 
The fourth derivative of u exists almost everywhere since u () is absolutely continuous.
The inner product and the norm in W
This can be proved easily as the proof of Theorem .. 
Model problem (.)-(.) changes the following problem: Proof We only need to prove
where P is a positive constant. By Definition ., we have
By the reproducing property, we have
Therefore, by the Cauchy-Schwarz inequality, we get
(where a  >  is a positive constant). http://www.boundaryvalueproblems.com/content/2014/1/18
(where a  >  is a positive constant).
Therefore, we have
where P = (a 
Analysis of the solution of (2.17)-(2.18)
Let {x i } ∞ i= be any dense set in [, ] and x (y) = L * r x (y), where L * is the adjoint operator of L and r x is given by Remark .. Furthermore Lemma . The following formula holds:
where the subscript η of the operator L η indicates that the operator L applies to a function of η.
This completes the proof. 
Remark . The orthonormal system
{ i (x)} ∞ i= of W   [, ] can be derived from the Gram-Schmidt orthogonalization process of { i (x)} ∞ i= as i (x) = i k= β ik k (x) (β ii > , i = , , . . .),(.
Theorem . If u is the exact solution of
Proof From (.) and the uniqueness of solution of (.), we have
This completes the proof. http://www.boundaryvalueproblems.com/content/2014/1/18
Now the approximate solution u n can be obtained by truncating the n-term of the exact solution u as Generally it is not possible to find the exact solution of these problems. 
Conclusion
In this paper, we introduced an algorithm for solving the MHD squeezing fluid flow. We 
